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ABSTRACT
NATALIE CLARK: Stature Estimates of the Classic Period Maya from Chac Balam and San
Juan, Ambergris Caye, Belize
This thesis presents updated sex and stature estimates for ancient Maya females and
males who lived in San Juan and Chac Balam in northern Ambergris Caye from approximately
AD 700-900. The regression formulae used in this study reflect a closer population affinity to the
Maya compared to the equations used in the original analysis by Glassman (1995). Del Angel
and Cisneros’ (2004) formulae were used when estimating stature based on a complete long
bone. In Steele and Bramblett (1988), Steele and McKern (1969) and Steele (1970) regression
formulae were used when estimating stature based on an incomplete humerus, femur, or tibia.
Population specific stature formulae (del Angel and Cisneros 2004) were compared to
nonspecific stature population formulae (Trotter 1970; Steele and Bramblett 1988). Bass (1995)
cited Stewart (1979) for sex estimates based on the maximum diameter of the humeral and
femoral heads; Frutos (2005) and Miller Wolf (personal communication) also provided metrics
for the maximum humeral head diameter.
The results from this study show statistically significant shorter stature for these
individuals than initially estimated by Glassman (1995), but similar sex estimations. These
updated analyses can provide further insight into the daily lives and overall health of the ancient
Maya from Ambergris Caye. Conclusions drawn from this research include how different,
population specific, regression formulae create a significant difference in the stature estimation
for individuals from San Juan and Chac Balam during the Classic Period. Also, it is possible for
stature to be estimated using regression analyses for fragmented long bones, although it is not
v

always as accurate as using a complete bone measurement. Population specific metrics for the
humeral and femoral heads can alter the results of sex estimation as well. Accurate stature
formulae are an important foundation for estimating stature and understanding the health of
modern and past populations.
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Introduction
The Maya are well-studied, both ancient and modern, but there is a lack of basic
information about stature which limits our understanding of overall health and nutrition, as well
as gender and status differences in past populations. More accurate stature estimates can lead to a
better understanding of health and societal implications.
Stature estimates were made for a coastal population on northern Ambergris Caye,
Belize, for individuals from two sites: Chac Balam and San Juan. Guderjan and Garber (1995)
recovered burials of ancient Maya individuals who lived during the Late and Terminal Classic
periods (AD 700-900). Osteological analyses by David Glassman (1995) included stature
estimates based on regression formulae specific to Amerindian and Mexico City populations
studied in Genovés (1967), the closest population to the ancient Maya available at the time.
Many formulae have been used to estimate stature at Maya sites, such as the Manouvrier
formulae and Pearson formulae (Haviland 1967), as well as Genovés (1967), each drawn from
different populations with the potential to affect stature estimates and therefore our
interpretations of health and related concerns. Since Glassman’s work, del Angel and Cisneros
(2004) corrected errors in Genovés’ (1967) research. In addition, there are formulae available to
calculate stature from partial bones that (to our knowledge) have not been tested on ancient
Maya remains (Steele and Bramblett 1988).
In this project, the method used to estimate stature for female and male adults combined
del Angel and Cisneros’ (2004) regression formulae using complete long bones and Steele and
Bramblett’s (1988) stature estimates using incomplete long bones, which are similar to
1

fragmentary remains like those found in the Maya region that result from poor preservation. Del
Angel and Cisneros (2004) revised data from Genovés (1967), which Glassman (1995) used in
combination with Trotter and Gleser’s (1958) data from Mexican American men who died
during the Korean War. Fragmented humeri, femora, and tibiae were used to estimate stature
(Steele and Bramblett 1988), although the height estimate may not be as accurate as the complete
bone measurements due to the subjectivity of bone features that differentiate each bone segment.
Steele and Bramblett’s (1988) incomplete bone regression formulae are derived from a Native
American Indian population with Mississippian period cultural affinities.
Sex was also re-estimated using Stewart’s (1979) methods that derived sex estimates
from a European American population from the Terry Collection, cited in Bass (1995), as well as
comparing measurements from Frutos’ (2005) and Miller Wolf’s (personal communication
2/20/22) Guatemalan populations. Sex estimated remained similar to those described by
Glassman (1995).
Estimating stature using population specific formulae (del Angel and Cisneros 2004)
show that the Maya from San Juan and Chac Balam were, on average, shorter than originally
estimated by Glassman (1995). Although multiple studies have shown a direct relationship
between malnutrition and short stature, as well as negative health effects reflected by short
stature, these populations from northern Ambergris Caye were likely smaller due to genetics
rather than poor health or malnutrition. Isotope analysis revealed a diet that consisted of various
animals and plants, not just maize (Parker 2011). In addition, observations of robust bones made
during this analysis suggest a physically active lifestyle.
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The re-estimation of stature and sex when population specific metrics become available is
important because it provides greater accuracy to a biological profile and aids in the overall
understanding of a population.
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Background
San Juan and Chac Balam are archaeological sites that were once small-medium sized
Maya cities during the Late and Terminal Classic periods (AD 700-900). They formed part of a
series of settlements on the island of Ambergris Caye, which is actually an extension of the
Xkalak Peninsula as opposed to being an island (Guderjan 1995). The “island” is 30 kilometers
long, no wider than 4 kilometers, and is separated from the rest of the Xkalak Peninsula and
Mexico by a narrow channel constructed by the Maya in AD 600 or earlier (Guderjan 1995).
San Juan is the smaller of the two sites, covering approximately 2 acres, and is located on
the northwest edge of the island (Figure 1) (Guderjan 1995). It is located on one of the highest
points on the northern side of Ambergris Caye, as the entire area had been raised 2-5 meters by
man-made marl platforms (Guderjan 1995). Chac Balam is less than one kilometer southwest of
the Boca Bacalar Chico Canal and is surrounded on three sides by lagoons, mangrove swamps, a
narrow inlet, and a potentially artificial harbor (Guderjan 1995). Excavations at San Juan, Chac
Balam, and Ek Luum were done by Thomas Guderjan, James Garber, Herman Smith, and James
Glassman during the 1986-1988 field seasons (Guderjan 1995). This project was part of an
investigation of trade and the maritime economy (Glassman and Garber 1999; Guderjan 2004;
Guderjan and Garber 1995).

4

Figure 1: Map of Ambergris Caye, Belize (Guderjan 1995:148, Fig. 2)
The project recovered 42 burials containing at least 48 Maya individuals from San Juan
(9 individuals), Chac Balam (34 individuals), Los Renegados (4 individuals), and Laguna de
Cayo Francesca (1 individual) that were then analyzed by David Glassman (1995), who reported
basic sex and age estimations, as well as cranial and dental modifications, health, and stature
estimates. The disposal of the remains, number of individuals in each burial, body position,
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deposition, and orientation of the remains were also documented and used to assign high and low
socioeconomic status to the burials (Guderjan and Garber 1995). Glassman (1995) identified six
individuals as male, three as possibly male, four as female, five as possibly female, and 23 whose
sex were not identified due to the age of the individual or the preservation of the skeletal
remains. Glassman (1995) did not describe his method for estimating sex.
Glassman (1995) also estimated stature for 11 individuals, and his results suggested
populations with short stature (females ranged from 158.1 cm to 162.3 cm while males ranged
from 156.5 cm to 173.3 cm across the San Juan and Chac Balam sites); however, the preservation
of the bones was poor, limiting the sample size of complete and measurable long bones that are
needed to estimate stature. Only 11 individuals out of the 43 sets of remains from San Juan and
Chac Balam were estimated for stature by Glassman (1995). The skeletal remains in the
assemblage showed significant fragmentation due to the age of the burials and the warm, tropical
climate of coastal Belize. Most long bones are missing the epiphyses and consist mainly of the
shafts.
There is no definitive range of stature for the entirety of the ancient Maya, as the
population is not homogenous (Masur 2009), with coastal and inland environments having
access to different resources. Haviland (1967) found a decrease in stature over time for 55
individuals from the Maya site of Tikal, Guatemala, using regression formulae available at the
time, including Trotter and Gleser's (1951) and (1958) Mexican American soldier formulae,
Manouvrier formulae, and Pearson formulae. The Manouvrier and Pearson equations derive from
Rollet’s (1888) regression formulae, which were the earliest tables for determining stature
estimation and used all six long bones in the arms and legs of 50 female and 50 male French
cadavers between the ages of 24 and 60 years old (Nath and Badkur 2002).
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Manouvrier (1892) reexamined Rollet’s data by only including the 25 females and 24
males below the age of 60 because the torso length declines by 3 cm due to old age. While Rollet
determined the average length of a specific long bone from individuals of the same stature,
Manouvrier determined the average stature of individuals who had equal lengths of the same
long bone (Nath and Badkur 2002). Manouvrier (1892) and Trotter and Gleser (1952) note that
dry bones, when being compared to fresh bones, may lose up to 2 mm in length. So, regression
formulas attempt to account for slight decreases in length due to dry bones or torso shrinkage.
Pearson (1899) used only the humerus, radius, femur, and tibia when creating regression
equations, and his estimates were based on regression theory which involves standard deviations
and coefficients of correlations between different long bone lengths and stature (Nath and
Badkur 2002).
Using these formulae, Haviland’s (1967) results showed a mean stature for females as
147 cm (4' 8.2") for all periods, whereas the male stature was estimated to be 164.5 cm (5’ 4.0”)
for the Preclassic era (post 100 BC – AD 250), 167 cm (5’ 4.8”) for the Early Classic period (AD
250-550), and 157.4 cm (5’ 1.6”) for the Late Classic period (AD 550-900). Haviland (1967)
also discovered that when formulae derived from American White males is being used to
estimate stature as opposed to formulae derived from Mexican males, in every case the
individual has a stature estimate that is too high.
Masur (2009) compared Haviland's (1967) Tikal stature estimates to Saul’s (1972) Altar
de Sacrificios, Petén, stature estimates and concluded that there was a trend toward decreased
stature. However, with substantial variability of access to resources within and between regions,
decreasing stature was not necessarily widespread across Classic Maya populations. Masur
(2009) argued a lack of resources and nutrients can lead to nutritional deficiency, which in turn
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leads to shorter stature. Danforth (1994) also determined that the argument of an overall decrease
in Maya stature over time, specifically in the southern lowlands, is not well supported, as the
sample sizes are too small and there is too much variability between sites. Danforth (1994) did
not publish her own stature estimates, but rather compared estimates that were provided by Saul
(1972), Haviland (1967), Cohen et al. (1994), Pacheco (1979), and Stewart (1953).
Nutritional opportunities and factors such as genetic differences can all influence
height, as described in Parker (2011), who studied diet using isotope analyses of the San Juan
and Chac Balam burial populations. Masur (2009) writes that Larsen (1987) argues the Maya’s
transition to agriculture in which maize was the primary dietary component marked the
beginning of nutritional deficits and therefore the start of shorter stature trends. However, Parker
(2011) asserts that these populations demonstrated few indicators of nutritional stress, as analysis
of stable carbon to nitrogen isotope ratios show that these Maya utilized their resources to eat
fish and other seafood, plants, and even traded with other communities for terrestrial meats and
other goods that they did not have direct access to. Parker’s (2011) thesis supports the argument
that the short stature of the ancient Maya was not due to poor nutrition. Mercier (2021) also
argued that maize consumption, which can be associated with nutritional deficiencies, is not the
sole explanation for the short stature of the Maya.
Modern Maya populations are some of the shortest in the world, with an average height
of 158 cm (5’ 2”) for Guatemalan males compared to the 178 cm (5’ 8”) for American males and
185 cm (6’ 1”) for males from the Netherlands (Davis et al. 2014). Bogin et al. (2002) explain
that Maya children living in Guatemala are currently 11.54 cm (almost 4 inches) shorter than
Maya children living in the United States. Short stature can result from a lack of nutrition in
early childhood, growth hormonal factors, a stressful and/or malnourished fetal environment
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(Asao et al. 2006), or genetic influences. Individuals who are shorter than average tend to have a
shorter lifespan as well (Kemkes-Grottenthaler 2005).
Although the past Maya populations were, on average, shorter than modern ones (153157 cm for males and 140-145 cm for females in Danforth (1994:209), studies of activity
patterns show that robust muscle attachments are related to physical activity regardless of stature
(Maggiano et al 2008). This is due to the mechanical forces on the diaphyses of long bones that
lead to a change in morphology and density of the bone (Christensen et al. 2014). The Maya at
the San Juan and Chac Balam sites that were studied for this thesis tended to have large deltoid
tuberosities which indicate strong upper arms. Analyzing the robusticity of bones can illustrate
repetitive, physical, every day activities that the Maya participated in such as grinding corn to
make food or rowing a boat to fish or trade (LeJeune 2021). So, short stature was not solely
related to indicators of poor health, and in fact robust muscle markers indicate physical activity
which implies a active lifestyle. Overall, the robusticity of the diaphyses of long bones present
information about past habitual behavior (Stock and Pfeiffer 2004) and can be compared to the
same population over different periods of time to discover physical activity patterns, economic
changes, gender roles, and political differences across many years (Maggiano et al. 2008).
Since both Glassman (1995) and Haviland's (1967) analyses, new stature formulae have
been developed that are population specific (del Angel and Cisneros 2004) and can be applied to
fragmentary long bones (Steele and McKern 1969 and Steele 1970). With these newer regression
formulae, more individuals can be measured to estimate stature, and the estimates will be more
accurate. This can aid in an overall better representation of the health and daily lives of past
Maya populations.

9

Methods
Forty-three individuals were initially assessed in this project by Glassman (1995), nine
from San Juan and 32 from Chac Balam; however, assessments were redone for this research to
determine which adult individuals had complete enough long bones to estimate stature, resulting
in a total of 14 individuals (4 from San Juan and 10 from Chac Balam). Ten individuals were
unable to have an estimated stature because their long bones were either not present or too
fragmented to conduct an accurate measurement. Seventeen more individuals did not receive
stature estimates due to their young age (approximately 16 years old and younger as determined
by Glassman (1995)).
New measurements were taken and used to estimate sex and stature. Humeral and
femoral maximum head diameters were measured following Stewart’s (1979) methods in Bass
(1995), Frutos’ (2005) measurements, and Miller Wolf’s (personal communication 2/20/22)
measurements. Stature was estimated using del Angel and Cisneros (2004) as well as Steele and
McKern (1969), Steele (1970), and Trotter (1970) in Steele and Bramblett (1988). Bone
identifications were confirmed using standard references (White and Folkens 2005) and
photographs were taken of select bones (Figures 2-4) to provide detailed images of the condition
and size of the entire bone, as well as the condition and size of the femoral and humeral heads.
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Figure 2: Posterior View of Right Femur from San Juan Burial 5
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Figure 3: Anterior View of Right Femur from San Juan Burial 5
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Figure 4: Close-Up Anterior View of Femur from San Juan Burial 5

Estimating Biological Sex
Sex was estimated before stature because there are different stature formulae for
biological females and males. Three sets of measurements were available for sex estimations.
First, Stewart’s (1979) in Bass (1995) measurements of humeral and femoral heads were based
on 50 European females and 50 European males from the Terry Collection. This method is not
the best one for estimating the sex of a population that is not of European ancestry, as supported
by Tise et al. (2013) who found that estimating the sex of Hispanic skeletal remains using a
metric method that is not population specific resulted in frequent misclassification of male
individuals as female. Tise et al. (2013) further explained that it is important to use population
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specific standards when estimating sex because sexual dimorphism can vary between
populations. It is also important for researchers to continue developing new methods based on
new data from broad population studies as opposed to merely forming new methods that rely
only on previously documented skeletal collections. The more skeletons that are studied and data
is drawn from, the more diverse and accurate new methods will be.
A second set of measurements consists of unpublished values from a 1700s skeletal
population from the San Bernabé Mission church in northern Guatemala (personal
communication, Katherine Miller Wolf, 2/20/22). The humeral head diameter for females was
smaller but with some overlap with measures of males (Table 1).
Table 1: Sex Based on the Maximum Head Diameter (mm) of the Humeral and Femoral Head
(Miller Wolf, personal communication); Frutos (2005:154); Stewart (1979:100) in Bass
(1995:156, 231)
Bone
Max Head Diameter (mm)
Sex
Terry Collection European American Individuals (Bass 1995)
Humeral Head
< 43
Female
44 – 46
Indeterminate
> 47
Male
Femoral Head
< 42.5
Female
42.5 – 43.5
Female?
43.5 – 46.5
Indeterminate
46.5 – 47.5
Male?
> 47.5
Male
Rural Guatemalan Individuals (Frutos 2005)
Humeral Head
Female
32.6 – 41.6 (x̄ = 37.4)
Male
38.6 – 47.2 (x̄ = 43.4)
San Bernabé, Guatemala Colonial Maya Individuals (Miller Wolf, nd)
Humeral Head
33 – 40 (x̄ = 36.87)
Female
38.8 – 45 (x̄ = 43.56)
Male

The third set of measurements comes from Frutos (2005), in which 118 complete humeri
(50 female and 68 male) from clandestine cemeteries near rural communities in Guatemala were
studied to develop new standards for metric determination of sex for rural Guatemalan
14

populations. The results of this study show a mean head diameter for females to be 37.4 mm, and
a mean head diameter for males to be 43.4 mm (Frutos 2005). The humeral head diameter for
females was smaller but with some overlap with measures of males (Table 1). These metrics
were derived from modern Guatemalan Maya, but the genetics are similar to the prehistoric
Guatemalan Maya especially since there is limited admixture in rural Guatemala. Frutos (2005)
also discusses the challenge of performing osteological analyses on modern Guatemalan burials,
as there is an absence of standards for rural populations.
The maximum diameter of each complete humeral and femoral head was measured using
digital calipers as a measure of biological sex. Each measurement was taken three times, with the
average value used as the final measurement. If the head was partially complete but the
maximum diameter could be measured, those bones were also analyzed. Table 1 shows
measurements for humeral and femoral heads based on a European American population and
colonial period Maya populations.

Stature Methods, Complete Bones
Complete long bone measurements were placed in del Angel and Cisneros’ (2004)
Amerindian/Mexican formulae to estimate stature (which was based on data from samples of
modern Amerindian as well as a mixture of skeletons of unknown ancestry from the National
University of Mexico). An osteometric board was used to measure complete femora, tibiae, and
humeri to provide the most accurate length assessment (Table 2). There is no standard of error
with these equations, so when a complete long bone was analyzed only one stature estimate was
provided.
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Table 2: Equations for Determining Stature Based on Maximum Length of Long Bone for
Amerindian/Mexican Females and Males (del Angel and Cisneros 2004:264, Table 1)
Bone
Humerus
Radius
Ulna
Femur
Tibia

Sex
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Equation (max length in cm)
32.35 + 4.160 (humerus)
83.52 + 2.505 (humerus)
66.88 + 3.926 (radius)
98.22 + 2.668 (radius)
58.72 + 3.991 (ulna)
94.8 + 2.615 (ulna)
47.25 + 2.588 (femur)
63.89 + 2.262 (femur)
61.29 + 2.720 (tibia)
91.26 + 1.958 (tibia)

Stature Methods, Incomplete Bones
Measuring specific segments of incomplete bones can lead to an estimate of the
maximum length of that long bone, which can then be placed into a stature regression formula to
estimate stature. Eighteen long bones from seven burials in this study were partially complete, as
the tropical environment and age of the bones resulted in decomposition of the trabecular or
spongy bone epiphyses. Incomplete long bones can still be measured in separate segments, and
those segments were created by Steele and Bramblett’s (1988) modification of Steele’s (1970)
analyses of the Terry Collection of American White and Black individuals. The regression
formulae for each segment to estimate the maximum length of the long bone were modified by
Steele and Bramblett (1988) from Steele and McKern (1969)'s equations based on Arkansas
Mississippian period Native American remains. This maximum length can then be placed in del
Angel and Cisneros (2004) equations or Trotter’s (1970) formulae in Steele and Bramblett
(1988) to estimate stature; however, Trotter’s (1970) formulae were based on the Terry
Collection, Smithsonian Institution, and Mexican American men who died during the Korean
16

War and World War II, so Trotter’s (1970) formulae are not as population specific as del Angel
and Cisneros (2004) for Maya populations.
A digital caliper was used to measure the incomplete bone if the segment of the bone was
less than 15 centimeters. A ruler, which is a less accurate method of taking measurements, was
used if the segment was greater than 15 centimeters. The results of the bone segments measured
with a ruler may not be as exact as those done on an osteometric board or with a digital caliper.
Additional corrections may be made for individuals of known age and for comparing the cadaver
height to that of living individuals (Steele and Bramblett 1988:168-169).
Steele and Bramblett (1988) provide figures of segmented humerus and femur bones
which are categorized into four different sections (Figures 5 and 6), and the tibia bone which is
separated into five segments (Figure 7). The description of the landmarks used to divide each
bone segment given by Steele and Bramblett (1988) is illustrated in Table 3.
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Figure 5: Segmented Left Humerus for Estimating Stature (Steele and Bramblett 1988:166,
Figure 7.9)
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Figure 6: Segmented Left Femur for Estimating Stature (Steele and Bramblett 1988:229, Figure
10.10A)
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Figure 7: Segmented Left Tibia for Estimating Stature (Steele and Bramblett 1988:229, Figure
10.10B)
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Table 3: Descriptions of Segments for Incomplete Humerus, Femur, and Tibia (Steele and
Bramblett 1988:165, Table 7.7, 229, Table 10.5)
Bone
Humerus

Femur

Tibia

Segment #
1

Segment Description
From most proximal point of the head to most distal point of circumference
of the head

2

From most distal point of circumference of the head to most proximal
margin of olecranon fossa

3

From most proximal margin of olecranon fossa to most distal margin of
olecranon fossa

4

From most distal margin of olecranon fossa to most distal point of trochlea

1

From most proximal point of the head to the center/midpoint of the lesser
trochanter

2

From the center/midpoint of the lesser trochanter to most proximal
extension of popliteal surface where the medial and lateral supracondylar
lines become parallel (below linea aspera)

3

From most proximal extension of popliteal surface where the medial and
lateral supracondylar lines become parallel (below linea aspera) to most
proximal point of intercondylar fossa

4

From most proximal point of intercondylar fossa to most distal end of
medial condyle

1

From most prominent point on lateral half of lateral condyle to most
proximal point of tibial tuberosity

2

From most proximal point of tibial tuberosity to the point of confluence for
the lines extending from lower end of tuberosity

3

From point of confluence for the lines extending from lower end of
tuberosity to point where anterior crest crosses over to medial border of
shaft (above medial malleolus)

4

From point where anterior crest crosses over to medial border of shaft
(above medial malleolus) to proximal margin of the inferior articular
surface at a point opposite the tip of medial malleolus

5

From proximal margin of the inferior articular surface at a point opposite
the tip of medial malleolus to most distal point on medial malleolus
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Most segment measurements are subjective and can differ between observers. Although
images were provided, the features they described were not always clear. The most proximal
point of the intercondylar fossa, for example, could be measured from the inside of the lip of the
fossa or the outside lip of the fossa, which Bramblett and Steele (1988) do not specify. When
taking these segmented measurements, it is important to remain consistent with the start and end
points to remain accurate. If the segment length combined more than one segment, each
individual segment was added together to determine total length as opposed to physically
measuring the segments together. This did not affect the overall long bong measurement
estimation, as the individual segments were added together in the formula to determine complete
long bone length.
Brooks et al. (1990) argue that estimations of stature from incomplete long bones from
formulae derived by Steele (1970) should only be used as an approximation of true stature.
Anthropologists who have used incomplete long bone formulae and compared the stature
estimation to known stature of an individual reported a mere 55% accuracy rate (6 out of 11
respondents) (Brooks et al. 1990). Wright and Vásquez (2003) also critique incomplete long
bone measurements to estimate stature by stating that osteologists have had difficulty in locating
many of the landmarks that Steele (1970) uses to define the bone segments.
Once the segments were measured, each measurement was placed into its corresponding
equation depending on sex of the individual, bone, and segment number. Tables 4 and 5 display
the equations used for segmented long bones given by Steele and McKern (1969) in Steele and
Bramblett (1988). Steele and McKern’s (1969) formulae for the incomplete long bones were
derived from Arkansas Mississippian period Native American remains.
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Table 4: Incomplete Long Bone Formulae (Female) (Steele and Bramblett 1988:166, Table 7.8,
230, Table 10.6, 231, Table 10.7)
Female
Bone
Humerus

Femur

Tibia

Segment
(seg)
1
2
3
4
1-2
2-3
3-4
1-3
2-4
1
2
3
4
1-2
2-3
3-4
1-3
2-4
1
2
3
4
5
1-2
2-3
3-4
4-5
1-3
2-4
3-5
1-4
2-5

Equation to Estimate Length of Complete Bone
1.4(seg1) + 25.89
0.9(seg2) + 9.16
2.0(seg3) + 25.03
1.2(seg4) + 28.35
1.5(seg1) + 1.0(seg2) + 1.95
1.0(seg2) + 1.2(seg3) + 3.86
1.9(seg3) + 1.0(seg4) + 24.02
1.2(seg1) + 1.0(seg2) + 0.8(seg3) + 1.01
1.0(seg2) + 1.4(seg3) + 1.1(seg4) + 1.89
0.8(seg1) + 36.55
0.6(seg2) + 28.46
0.3(seg3) + 38.90
1.1(seg4) + 37.98
1.3(seg1) + 0.7(seg2) + 17.99
1.0(seg2) + 1.0(seg3) + 10.52
0.5(seg3) + 1.6(seg4) + 32.45
1.0(seg1) + 1.0(seg2) + 0.9(seg3) + 3.64
0.9(seg2) + 1.1(seg3) + 1.0(seg4) + 7.53
1.4(seg1) + 30.93
0.6(seg2) + 37.26
0.5(seg3) + 25.73
-0.3(seg4) + 36.41
1.7(seg5) + 31.50
1.0(seg1) - 0.3(seg2) + 33.23
0.8(seg2) + 0.8(seg3) + 16.08
0.8(seg3) + 0.9(seg4) + 12.88
-0.1(seg4) + 1.5(seg5) + 32.96
0.9(seg1) + 1.0(seg2) + 0.8(seg3) + 13.07
0.6(seg2) + 1.0(seg3) + 0.8(seg4) + 6.58
0.8(seg3) + 1.0(seg4) + 1.0(seg5) + 11.05
1.0(seg1) + 0.9(seg2) + 1.0(seg3) + 0.9(seg4) + 24.68
0.6(seg2) + 1.0(seg3) + 0.9(seg4) + 0.8(seg5) + 5.31
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Standard
of Error
(cm)
± 0.13
± 0.84
± 1.18
± 1.26
± 0.32
± 0.37
± 1.14
± 0.26
± 0.22
± 1.23
± 1.02
± 1.23
± 1.24
± 0.86
± 1.16
± 1.16
± 0.28
± 0.44
± 0.98
± 1.02
± 0.74
± 1.13
± 1.09
± 0.97
± 0.64
± 0.51
± 1.09
± 0.57
± 0.43
± 0.48
± 0.26
± 0.40

Table 5: Incomplete Long Bone Formulae (Male) (Steele and Bramblett 1988:166, Table 7.8,
230, Table 10.6, 231, Table 10.7)
Male
Bone
Humerus

Femur

Tibia

Segment
(seg)
1
2
3
4
1-2
2-3
3-4
1-3
2-4
1
2
3
4
1-2
2-3
3-4
1-3
2-4
1
2
3
4
5
1-2
2-3
3-4
4-5
1-3
2-4
3-5
1-4
2-5

Equation to Estimate Length of Complete Bone
2.0(seg1) + 25.22
1.1(seg2) + 5.23
1.8(seg3) + 27.4
2.4(seg4) + 28.66
1.4(seg1) + 1.0(seg2) + 1.74
1.0(seg2) + 1.4(seg3) + 2.37
1.7(seg3) + 2.3(seg4) + 24.28
1.1(seg1) + 1.0(seg2) + 1.0(seg3) + 0.38
1.0(seg2) + 1.4(seg3) + 1.2(seg4) + 1.55
1.6(seg1) + 32.94
0.7(seg2) + 26.20
0.3(seg3) + 42.18
2.1(seg4) + 37.44
1.2(seg1) + 0.6(seg2) + 20.63
1.2(seg2) + 1.1(seg3) + 5.89
0.3(seg3) + 2.1(seg4) + 34.77
1.1(seg1) + 1.0(seg2) + 1.0(seg3) + 1.36
1.1(seg2) + 1.0(seg3) + 1.4(seg4) + 2.58
0.8(seg1) + 34.85
0.4(seg2) + 34.14
0.6(seg3) + 26.73
0.6(seg4) + 31.40
1.1(seg5) + 35.26
1.2(seg1) + 0.5(seg2) + 30.67
1.0(seg2) + 0.9(seg3) + 15.48
0.8(seg3) + 1.1(seg4) + 13.57
0.6(seg4) + 1.2(seg5) + 29.30
1.3(seg1) + 1.0(seg2) + 0.9(seg3) + 11.35
0.9(seg2) + 1.0(seg3) + 1.0(seg4) + 4.24
0.8(seg3) + 1.1(seg4) + 0.8(seg5) + 12.62
1.2(seg1) + 1.0(seg2) + 1.0(seg3) + 1.0(seg4) + 0.60
0.9(seg2) + 1.0(seg3) + 1.0(seg4) + 0.7(seg5) + 3.49
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Standard
of Error
(cm)
± 1.18
± 1.17
± 1.23
± 1.23
± 0.28
± 0.34
± 1.16
± 0.17
± 0.26
± 1.39
± 1.31
± 1.67
± 1.56
± 1.09
± 0.75
± 1.52
± 0.33
± 0.58
± 1.64
± 1.60
± 1.38
± 1.58
± 1.64
± 1.53
± 0.96
± 1.07
± 1.55
± 0.83
± 0.54
± 1.05
± 0.30
± 0.51

In order to compare stature estimates using del Angel and Cisneros’s (2004) population
specific Amerindian/Mexican formulae to Trotter’s (1970) stature formulae from Mexican
Americans (males only), burials with complete long bone measurements were placed in both sets
of formulae. Table 6 displays the bone, corresponding equation, and standard of error for each
long bone.

Table 6: Equations for Estimating Stature Based on Long Bones for Mexican American Males
(Steele and Bramblett 1988:169, Table 7.10, 237, Table 10.10)
Bone
Humerus
Radius
Ulna
Femur
Tibia
Fibula

Equation (cm)
2.92(humerus) + 73.94
3.55(radius) + 80.71
3.56(ulna) + 74.56
2.44(femur) + 58.67
2.36(tibia) + 80.62
2.5(fibula) + 75.44

Standard of Error (cm)
4.24
4.04
4.05
2.99
3.73
3.52
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Results
The estimated stature using the updated population specific equations (del Angel and
Cisneros 2004) demonstrates an overall shorter stature of the ancient Maya in Chac Balam and
San Juan compared to the original estimates made by Glassman (1995), who used Genovés
(1967) and Trotter and Gleser (1958). In addition, the use of measurements of the femoral and
humeral heads resulted in slightly different sex determinations.

Original v. Updated Sex Estimates
Six burials could not be sexed due to the lack of complete humeral or femoral heads, so
their sex estimation remained the same as Glassman’s (1995) estimate, while the rest of the
individuals were re-sexed. Chac Balam Burials 22 and 27 were originally estimated to be male,
but Stewart’s (1979) methods based on a European population estimated both burials to be
indeterminate. However, when using Katherine Miller Wolf’s (personal communication,
2/20/22) unpublished measurements from a colonial Maya population in northern Guatemala,
and Frutos’ (2005) metrics derived from clandestine cemeteries near rural communities in
Guatemala, sex estimates for both individuals remained male (Table 7). This demonstrates that
non-population specific measurements (Stewart 1979) can alter the sex estimate of the
population. It is important to note that there are other ways to estimate sex, such as the shape and
size of the pelvis, but this study focused only on the maximum diameter of the humeral and
femoral heads to determine sex.
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Table 7: Original Sex Estimates (Glassman 1995) vs. Updated Sex Estimates (Miller Wolf,
personal communication); Frutos (2005:154); Stewart (1979:100) in Bass (1995:156, 231)
Burial

Humerus
Head

Femur
Head

Max. Head Diameter
(mm)

Original Sex
(Glassman
1995)

Updated Sex
in this study

SJ-B2

None

Partial
(1)

Left Femur: 44.64

Male

Male

SJ- B4

Full (1)

Full (1)

Female

Female

Male

Male

N/A

Female

Indet

Left Humerus: 40.04
Left Femur: 37.73
Full (1)
and
Partial
(1)
None
Partial
(1)

Right Femur: 43.65

N/A

Male?

Indet

None

None

N/A

Female

Indet

None

None

N/A

Male

Indet

None

None

N/A

Female

Indet

CBB17

Partial
(1) and
Full (1)

Right Femur: 45.36

None

Male?

Male

CBB19

None

None

N/A

Male?

Indet

Male

Indet/Male

Male

Male

SJ-B5
SJ-B6
CBB2b
CBB11
CBB14
CBB15

None
None
Partial (1)

Left Femur: 43.27

Left Femur: 45.62

Left Humerus: 46.63
CBB22

Full (1)

Partial
(2)

Right Femur: 42.09
Left Femur: 43.97
Right Humerus: 48.91

CBB23

Full (1)
and
Partial (1)

Partial
(1)

Left Humerus: 51.15
Right Femur: 47.34

CBB24
CBB27

Partial (1)

None

Left Humerus: 42.41

Female

Female

Partial (1)

None

Left Humerus: 46.85

Male

Indet/Male
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Original v. Updated Stature
All stature estimates show a shorter stature for the fourteen individuals in this study when
formulae derived from Amerindian/Mexican populations (del Angel and Cisneros 2004) were
used instead of Genovés (1967) and Trotter and Gleser (1958) in Glassman (1995) (Table 8).
Shorter stature also resulted from the incomplete bone formulae (Steele and McKern 1969;
Steele 1970; in Steele and Bramblett 1988). Figure 8 is a bar graph of the data presented in Table
8. The statures in the bar graph are the average stature estimates without the standards of error,
for the sake of simplicity.
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Table 8: Original Stature (Glassman 1995) v. Updated Stature (del Angel and Cisneros 2004);
Steele and Bramblett (1988)
Burial
SJ-B2
SJ-B4
SJ-B5
SJ-B6
CB-2b
CB-B11
CB-B14
CB-B15
CB-B17
CB-B19
CB-B22
CB-B23
CB-B24
CB-B27

Original Stature
165.2 cm - 173.3 cm
5' 5" - 5' 8"
151.3 cm - 159.4 cm
4' 11.5" - 5' 2.5"
160.5 cm - 169.0 cm
5' 3" - 5' 6.5"
N/A
N/A
162.5 cm - 168.1 cm
5' 4" - 5' 6"
N/A
N/A
164.6 cm - 171.7 cm
5' 4" - 5' 7.5"
153.8 cm - 162.3 cm
5' 0.5" - 5' 4"
N/A
N/A
158.2 cm - 166.7 cm
5' 2.5" - 5' 5.5"
156.5 cm - 163.4 cm
5' 1.5" - 5' 4.5"
164.4 cm - 170.1 cm
5' 5" - 5' 7"
149.0 cm - 156.6 cm
4' 10" - 5' 1"
158.1 cm - 164.9 cm
5' 2" - 5' 5"

Updated Stature
163.97 cm - 165.05 cm
5' 3.8" - 5' 4.1"
137.18 cm - 146.75 cm
4' 5" - 4' 8"
161.18 cm - 163.13 cm
5' 2.9" - 5' 3.5"
148.44 cm - 158.19 cm
4' 8.7" - 5' 1.9"
157.58 cm - 174.04 cm
5' 1.7" - 5' 7.1"
146.68 cm - 151.96 cm
4' 8.1" - 4' 9.9"
152.10 cm - 170.64 cm
4' 9.9" - 5' 6"
145.44 cm - 161.93 cm
4' 7.7" - 5' 3.1"
154.87 cm - 167. 98cm
5' 0.8" - 5' 5.1"
151.38 cm - 164.39 cm
4' 9.7" - 5' 3.9"
151.91 cm - 158.10 cm
4' 9.8" - 5' 1.9"
161.85 cm - 167.21 cm
5' 3.1" - 5' 4.9"
149.37 cm - 156 cm
4' 9" - 5' 1.2"
158.76 cm
5' 2.1"
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Figure 8: Bar Graph of Original Stature (Glassman 1995) Compared to Updated Stature (del
Angel and Cisneros 2004) in Centimeters
There is a significant difference in the original stature estimated using the regression
formulae based on the data from Mexican Americans that died during the Korean War (Trotter
and Gleser 1958) and the revised regression formulae based on the data from modern
Amerindian and skeletal remains from the Medical School of the National University of Mexico
(del Angel and Cisneros 2004) (Figure 9). Maya individuals in this sample appeared to be shorter
than originally estimated, and the difference between the two formulae is significant using a
paired t-test (t = 2.83, df = 10, p = 0.02). The 95% confidence interval is between 0.77 and 6.46,
demonstrating that the true difference between the averages of each group lies within this range.
True difference in the data would result in a mean that does not equal zero, and the mean of the
differences is 3.62 (Figure 9). In other words, the Maya from these San Juan and Chac Balam
sites were likely shorter than initially estimated by Glassman (1995). It is interesting that a
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significant difference was recorded, as del Angel and Cisneros (2004) used updated formulae
derived from Genovés (1967), which Glassman (1995) applied.

Figure 9: T-Test of the Mean Original Stature Estimates (Glassman 1995) and the Mean
Updated Stature Estimates (del Angel and Cisneros 2004) in Centimeters

Stature Estimation Using Complete Long Bones
A total of twenty-two burials were sampled, including seven with long bones complete
enough to measure. Stature ranged from 137.18 cm to 156 cm for females and 155.51 cm to
167.21 cm for males from both San Juan and Chac Balam (Table 9). The equations used to
estimate stature based on complete long bones are found in Table 2 (del Angel and Cisneros
2004). These are most likely the most accurate stature estimates out of all the burials because an
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osteometric board was used to take the bone measurements, so the maximum length of the bone
is not estimated like it would be with an incomplete bone.

Table 9: Estimated Stature for Complete Long Bones Using del Angel and Cisneros (2004)

Burial

SJ-B2
Male
SJ-B4
Female

SJ-B5
Male

CB-B22
Male

Bone
Right Ulna
Left Ulna
Right Radius
Right
Humerus
Left Ulna

Updated
Stature (cm)

Updated
Stature (ft/in)

Notes

27.06
26.45
25.05

165.56
163.97
165.05

5' 4"
5' 3.8"
5' 4.1"

Wear on distal end

25.2

137.18

4' 5"

Slight wear on
distal end

22.056

146.75

4' 8"

Left Humerus
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161.18

5' 2.9"

Left Ulna

26.14

163.13

5' 3.5"

Left Humerus

28.74

155.51

Male: 5' 1.0

Left Radius

22.15

157.32

Male: 5' 1.6"

Right Femur

40.81

156.20

Male: 5' 1.2"

Right Tibia

33.84

157.52

Male: 5' 1.7"

Left Tibia

CB-B23
Male

Maximum
Length
(cm)

Right
Humerus
Left Humerus
Right Ulna

34.13

158.10

Male: 5' 1.9"

31.86

163.33

5' 3.6"

32.05

163.81

5' 3.7"

27.69

167.21

5' 4.9"
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Broken in half,
slight wear on
head
3 pieces glued
together

2 pieces, glue on
each end

3 pieces with glue
on end, slight wear
on distal end

Broken in half
2 pieces glued
together, slight
wear on distal end

CB-B24
Female

CB-B27
Male/Indet

Left Tibia

36.05

161.85

5' 3.1"

Right Radius

22.7

156

5' 1.2"

Left Radius

22.35

154.63

5' 1"

Right Femur

39.95

150.64

4' 9.4"

Left Femur
Left Tibia

39.46
33.87

149.37
153.42

4'9"
5'.03"

Right Femur

41.94

158.76

5'2.1"

Missing medial
malleolus (slightly
shorter)
2 pieces glued
together
2 pieces glued
together, slight
wear on head
Slight wear
2 pieces with glue
on each end,
deterioration on
both proximal and
distal end

Updated Stature (Amerindian/Mexican) Compared to Mexican American Stature Using the Same
Burials
Updated stature using del Angel and Cisneros’ (2004) revised version of Genovés (1967)
shows an overall shorter stature than Steele and Bramblett’s (1988) modifications of Steele and
McKern (1969) and Steele (1970). Table 10 compares the updated stature of the burials that had
complete long bones (and were male) to Trotter’s (1970) formulae based on Mexican American
male populations (from the Terry Collection, Smithsonian Institution, and American military
causalities from the Korean War and World War II). Figure 10 provides a bar graph of the 5
burials used in this comparison, where the average stature for each burial was used to determine
the stature on the bar graph. When the same long bone measurements were placed in the
formulae for Mexican American males (Trotter 1970), the output for stature was taller. This
could explain why Glassman’s (1995) stature estimations were taller, as they used equations
derived from a small Mexican American population each time an arm bone was measured.
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Table 10: Stature Estimates Using Complete Long Bone Measurements Comparing del Angel
and Cisneros (2004) and Steele and Bramblett (1988)
Burial

SJ-B2

SJ-B5

CBB22

CBB23

CBB27

Bone

Maximum Length
(cm)

Right Ulna

27.06

Left Ulna

26.45

Right Radius

25.05

Left
Humerus

31

Left Ulna

26.14

Left
Humerus

28.74

Left Radius

22.15

Right Femur

40.81

Right Tibia

33.84

Left Tibia

34.13

Right
Humerus
Left
Humerus

Updated
Stature
165.56 cm
5'4"
163.97 cm
5'3.8"
165.05 cm
5'4.1"
161.18 cm
5'2.9"
163.13 cm
5'3.5"
155.51 cm
5'1.0"
157.32 cm
5'1.6"
156.20 cm
5'1.2"
157.52 cm
5'1.7"
158.10 cm
5'1.9"
163.33 cm
5'3.6"
163.81 cm
5'3.7"
167.21 cm
5'4.9"
161.85 cm
5'3.1"
158.76 cm
5'2.1"

31.86
32.05

Right Ulna

27.69

Left Tibia

36.05

Right Femur

41.94
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Mexican
Stature
170.89 cm
5'6.1"
168.72 cm
5'5.4"
169.64 cm
5'5.7"
164.46 cm
5'4.0"
167.62 cm
5'5.0"
157.86 cm
5'2.0"
159.34 cm
5'2.3"
158.25 cm
5'1.9"
160.48 cm
5'2.7"
161.17 cm
5'2.9"
166.94 cm
5'4.8"
167.53 cm
5'5.0"
173.14 cm
5'6.8"
165.70 cm
5'4.4"
161.0 cm
5'2.8"

Amerindian/Mexican vs. Mexican American Stature

Amerindian/
Mexican

Mexican
American

Figure 10: Bar Graph of Stature Estimates Using Complete Long Bones Comparing del Angel
and Cisneros (2004) to Steele and Bramblett (1988)

There is a significant difference between the two formulae, del Angel and Cisneros
(2004) and the revised Trotter (1970) in Steele and Bramblett (1988), where p < 0.001 as shown
in the t-test in Figure 10. This demonstrates that equations derived from different populations
will result in different stature estimates of the same population, and when population-specific
regression formulae are used, the stature estimate is more likely to be accurate.
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Amerindian/Mexican (del
Angel and Cisneros 2004)

Mexican American (Steele
and Bramblett 1988)

Figure 11: T-Test of Stature Estimates Using Complete Long Bones Comparing del Angel and
Cisneros (2004) to Steele and Bramblett (1988)

Stature Estimation Using Incomplete Long Bones
Seven burials were sampled with incomplete long bones, and a total of fourteen bones
(with a sum of thirty-three segments) were measured. The average stature ranged from 148.08
cm to 158.44 cm for females and 154.35 cm to 171.07 cm for males. The segmented bone
measurements are depicted in Tables 11a-d. If an incomplete tibia was present, the tibia is
included in Tables 11a-d, but most of the tibia segment measurements were not taken because of
the difficulty identifying landmarks which could lead to inaccurate stature estimates. Refer to
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Tables 5 and 6 for the formulae used when estimating incomplete long bone length with the
standard of error. Tables 10a-d also show the estimated stature with standard of error as well as
the stature without standard of error. The equations to determine the maximum length of all three
incomplete long bones were based on a prehistoric American Indian population of Mississippian
cultural affinities, modified from Steele and McKern (1969) by Steele and Bramblett (1988). Del
Angel and Cisneros (2004) was then used (an Amerindian/Mexican based population) to estimate
stature.
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Table 11a: Stature Estimates based on Incomplete Long Bones, Part A (del Angel and Cisneros 2004; Steele and Bramblett 1988)
Segment
Length
(cm)

Long Bone
Length
(cm)

Long Bone Length
with Standard of
Error (cm)

Burial

Bone

Segment
Number

SJ-6
Female

Left
Humerus

3

2.04

29.1

27.92 - 30.28

3

1.89

30.8

29.57 - 32.03

4

2.62

34.95

33.72 - 36.18

3-4

4.51

33.52

32.36 - 34.68

-

-

-

-

-

2

18.3

Left
Humerus
CB-2b
Male

CB-11
Female

Left
Tibia
Right
Tibia
Right
Femur

Stature With Standard
of Error

Avg. Estimated
Stature

148.50 cm - 158.32 cm
4' 8.7" - 5' 1.9"
157.59 cm - 163.76 cm
5' 1.7" - 5' 3.7"
167.99 cm - 174.15 cm
5' 5.1" - 5' 7.1"
164.58 cm - 170.39 cm
5' 4.0" - 5' 5.9"

153.40 cm
5' .03"
160.67 cm
5' 2.7"
171.07 cm
5' 6.1"
167.49 cm
5' 5.0"

-

-

-

-

-

-

-

39.44

38.42 - 40.46

146.68 cm - 151.96 cm
4' 8.1" - 4' 9.9"

149.32 cm
4' 9"
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Table 11b: Stature Estimates based on Incomplete Long Bones, Part B (del Angel and Cisneros 2004; Steele and Bramblett 1988)
Burial

Bone

Right
Humerus

CB-14
Male
Left
Humerus

Right
Femur

Right
Tibia

Segment
Number

Segment
Length
(cm)

Long Bone
Length
(cm)

Long Bone Length
with Standard of
Error (cm)

2

25.8

33.61

32.44 - 34.78

3

1.9

30.81

29.58 - 32.04

4

1.81

33.01

31.78 - 34.24

2-3

27.7

30.83

30.49 - 31.17

3-4

3.71

31.67

30.51 - 32.83

2-4

29.51

32.18

31.92 - 32.44

2

24.45

32.13

31.0 - 33.30

2

20.15

40.31

39.0 - 41.62

3

10.7

45.39

43.72 - 47.06

2-3

30.85

41.84

41.09 - 42.59

-

-

-

-
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Stature With Standard
of Error

Avg. Estimated
Stature

164.78 cm - 170.64 cm
5' 4.1" - 5' 6"
157.63 cm - 163.79 cm
5' 1.7" - 5' 3.7"
163.14 cm - 169.30 cm
5' 3.5" - 5' 5.5"
159.90 cm - 161.60 cm
5' 2.5" - 5' 3.0"
159.95 cm - 165.78 cm
5' 2.5" - 5' 4.4"
163.47 cm - 164.77 cm
5' 3.6" - 5' 4.1"
161.06 cm - 166.92 cm
5' 2.8" - 5' 4.8"
152.10 cm - 158.02 cm
4' 9.9" - 5' 1.8"
162.79 cm - 170.34 cm
5' 3.4" - 5' 5.9"
156.85 cm - 160.23 cm
5' 1.5" - 5' 2.6"

167.71 cm
5' 5.0"
160.71 cm
5' 2.7"
166.22 cm
5' 4.5"
160.75 cm
5' 2.7"
162.85 cm
5' 3.4"
164.12 cm
5' 3.8"
163.99 cm
5' 3.8"
155.06 cm
5' 0.9"
166.56 cm
5' 4.6"
158.53 cm
5' 2"

-

-

Table 11c: Stature Estimates based on Incomplete Long Bones, Part C (del Angel and Cisneros 2004; Steele and Bramblett 1988)
Burial

Bone

Right
Humerus

CB-15
Female

Left
Humerus

Left
Femur

Left Tibia

Segment
Number

Segment
Length (cm)

Long Bone
Length
(cm)

Long Bone Length
with Standard of
Error (cm)

2

23.5

30.31

29.47 - 31.15

3

1.69

28.41

27.23 - 29.59

2-3

25.19

29.39

29.02 - 29.76

2

22.2

29.14

28.3 - 29.98

3

1.84

28.71

27.53 - 29.89

2-3

24.04

28.27

27.90 - 28.64

2

17.5

38.96

37.94 - 39.98

3

12.24

42.57

41.34 - 43.80

2-3

29.74

40.26

39.10 - 41.42

-

-

-

-
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Stature With Standard
of Error

Avg. Estimated
Stature

154.95 cm - 161.93 cm
5' .08" - 5' 3.1"
145.64 cm - 155.46 cm
4' 7.8" - 5' 1.0"
153.08 cm - 156.15 cm
5' .02" - 5' 1.2"
150.08 cm - 157.07 cm
4' 9.2" - 5' 1.5"
146.87 cm - 156.69 cm
4' 8.2" - 5' 1.4"
148.41 cm - 151.48 cm
4' 8.7" - 4' 9.7"
145.44 cm - 150.72 cm
4' 7.7" - 4' 9.4"
154.24 cm - 160.61 cm
5' .06" - 5' 2.7"
148.44 cm - 154.45 cm
4' 8.7" - 5' .07"
-

158.44 cm
5' 2"
150.55 cm
4' 9.4"
154.61 cm
5' .07"
153.57 cm
5' .04"
151.78 cm
4' 9.8"
149.94 cm
4' 9.2"
148.08 cm
4' 8.6"
157.43 cm
5' 1.7"
151.44 cm
4' 9.7"
-

Table 11d: Stature Estimates based on Incomplete Long Bones, Part D del Angel and Cisneros 2004; Steele and Bramblett 1988)
Burial

Segment
Number

Segment
Length
(cm)

Long Bone
Length
(cm)

Long Bone Length
with Standard of
Error (cm)

3

2.4

31.72

30.49 - 32.95

4

1.6

32.49

31.26 - 33.72

3-4

4

32.03

30.87 - 33.19

1

7.19

44.44

43.05 - 45.83

2

21.9

41.53

40.22 - 42.84

1-2

29.09

42.39

41.30 - 43.48

Right
Femur

2

21.1

40.97

39.66 - 42.28

Left Femur

2

19.7

39.99

38.68 - 41.3

Left Tibia

3

15.4

35.97

34.59 - 37.35

Bone

Right
Humerus
CB-17
Male

Left Femur

CB-19
Male
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Stature With Standard of
Error
159.90 cm - 166.06 cm
5' 2.5" - 5' 4.5"
161.82 cm - 167.98 cm
5' 3.1" - 5' 5.1"
160.85 cm - 166.66 cm
5' 2.8" - 5' 4.7"
161.27 cm - 167.56 cm
5' 2.9" - 5' 5"
154.87 cm - 160.79 cm
5' 0.8" - 5' 2.8"
157.32 cm - 162.25 cm
5' 1.6" - 5' 3.2"
153.60 cm - 159.53 cm
5' 0.4" - 5' 2.3"
151.38 cm - 157.31 cm
4' 9.7" - 5' 1.6"
158.99 cm - 164.39 cm
5' 2.2" - 5' 3.9"

Avg.
Estimated
Stature
162.98 cm
5' 3.5"
164.90 cm
5' 4.1"
163.75 cm
5' 3.7"
164.41 cm
5' 3.9"
157.83 cm
5' 1.8"
159.79 cm
5' 2.4"
156.56 cm
5' 1.4"
154.35 cm
5' 0.6"
161.69 cm
5' 3.0"

Complete Long Bone Stature vs. Incomplete Long Bone Stature of the Same Burial
A comparison of stature estimates using complete bones (del Angel and Cisneros 2004)
and incomplete bone segments (Steele and McKern 1969 and Steele 1970 in Steele and
Bramblett 1988) shows a substantial difference in stature for Chac Balam Burial 22 (Tables 12a
and 12b) but almost no difference in stature for Chac Balam Burial 23 (Tables 13a and 13b). The
right femur of Chac Balam Burial 22 showed a 4.26 cm height difference between the complete
long bone stature estimate (the shorter estimate) and incomplete long bone stature estimate (the
taller estimate). In contrast, the right humerus from Chac Balam Burial 23 only showed a .05 cm
height difference, where the stature estimation based on segmented bone lengths is taller.

Segment

Segment
Length
(cm)

Long Bone
Length
(cm)

Long Bone
Length
with
Standard
of Error
(cm)

Estimated
Stature
(cm)
Segmented
Long Bone

Bone
Segment
Stature
(ft/in)

Complete
Bone
Stature

Table 12a: Chac Balam Burial 22 Estimated Stature from Femur Segments (del Angel and
Cisneros 2004; Steele and Bramblett 1988) vs. Estimated Stature from Complete Long Bone (del
Angel and Cisneros 2004)

1
2
3
4
1-2
2-3
3-4
1-3
2-4

6.23
20.4
11.24
3.66
26.63
31.64
14.9
37.87
3.3

42.91
40.48
45.55
45.13
40.35
42.73
45.83
39.85
41.39

41.52 - 44.30
39.17 - 41.79
43.88 - 47.22
43.57 - 46.69
39.26 - 41.44
41.98 - 43.48
44.31 - 47.35
39.52 - 40.18
40.81 - 41.97

157.80 - 164.09
152.49 - 158.42
163.15 - 170.71
162.44 - 169.50
152.68 - 157.61
158.86 - 162.25
164.12 - 171.00
153.29 - 154.78
156.19 - 158.82

5' 1.8" - 5' 3.8"
5' 0" - 5' 2"
5' 3.5" - 5' 6"
5' 3.3" - 5' 5.6"
5' .01" - 5' 1.7"
5' 2.1" - 5' 3.2"
5' 3.8" - 5' 6.1"
5' .03" - 5' .08"
5' 1.2" - 5' 2.1"

156.20 cm,
5' 1.2"
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Table 12b: Chac Balam Burial 22 Estimated Stature from Segmented Long Bone (del Angel and
Cisneros 2004; Steele and Bramblett 1988) vs. Estimated Stature from Complete Long Bone (del
Angel and Cisneros 2004
Average Estimated Stature
(Segmented Long Bone)
160.46 cm, 5' 2.6"

Estimated Stature
(Complete Long Bone)
156.20 cm, 5' 1.2"

Segment

Segment
Length
(cm)

Long Bone
Length
(cm)

Long Bone
Length
with
Standard
of Error
(cm)

Estimated
Stature
(cm)
Segmented
Long Bone

Bone
Segment
Stature
(ft/in)

Complete
Bone
Stature

Table 13a: Chac Balam Burial 23 Estimated Stature from Humerus Segments (del Angel and
Cisneros 2004; Steele and Bramblett 1988) vs. Estimated Stature from Complete Long Bone (del
Angel and Cisneros 2004)

1
2
3
4
1-2
2-3
3-4
1-3
2-4

3.87
25
1.84
1.97
28.87
26.84
3.82
30.72
28.82

32.97
32.73
30.72
33.4
32.16
29.95
31.95
31.48
31.5

31.79 - 34.15
31.56 - 33.90
29.49 - 31.95
32.17 - 34.63
31.88 - 32.44
29.61 - 30.29
30.79 - 33.11
31.31 - 31.65
31.24 - 31.76

163.14 - 169.06
162.58 - 168.44
157.39 - 163.55
164.09 - 170.26
163.39 - 164.79
157.70 - 159.40
160.66 - 166.47
161.96 - 162.81
161.77 - 163.08

5' 3.5" - 5' 5.5"
5' 3.3" - 5' 5.3"
5' 1.6" - 5' 3.7"
5' 3.8" - 5' 5.9"
5' 3.6" - 5' 4.1"
5' 1.7" - 5' 2.3"
5' 2.7" - 5' 4.6"
5' 3.1" - 5' 3.4"
5' 3.1" - 5' 3.5"

163.33 cm,
5' 3.6"

Table 13b: Chac Balam Burial 23 Estimated Stature from Segmented Long Bone (del Angel and
Cisneros 2004; Steele and Bramblett 1988) vs. Estimated Stature from Complete Long Bone (del
Angel and Cisneros 2004)
Average Estimated Stature
(Segmented Long Bone)
163.37 cm, 5' 3.6"

Estimated Stature
(Complete Long Bone)
163.33 cm, 5' 3.6"
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Segmented vs. Complete Bone Stature Estimates, San Juan vs. Chac Balam Stature Estimates,
and Sexual Dimorphism
A t-test was run to determine that there is no significant difference in stature estimates
when using a complete bone measurement and an incomplete bone measurement (p-value 0.38).
This small sample did not prove that the fragmented bone measurements (Steele 1970 and Steele
and McKern 1969 in Steele and Bramblett 1988) were less accurate than complete bone
measurements (del Angel and Cisneros 2004) when estimating overall stature.
There was no significant difference in stature between the sample populations of San
Juan and Chac Balam (student t-test, p = 0.90) There was, however, pronounced sexual
dimorphism where males were significantly taller than females (student t-test, p = 0.003).
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Discussion
The results of the stature re-estimation of 14 individuals from San Juan and Chac Balam,
Ambergris Caye, Belize, who lived from approximately AD 700 – 900 show that the ancient
Maya were on average 4.8 cm (ranging from 1 cm to 13 cm) shorter than original estimates by
Glassman (1995). The updated stature using del Angel and Cisneros (2004) ranged from 137.18
cm to 156 cm for females across both sites and 155.51 cm to 162.21 cm for males across both
sites. This is compared to Glassman’s (1995) use of Genovés (1967) and Trotter and Gleser
(1958) formulae to estimate the female stature as ranging from 158.1 cm to 162.3 cm across both
sites and 156.5 cm to 173.3 cm for males. This conclusion shows how the updated equations for
estimating stature provided by del Angel and Cisneros (2004) and Steele and McKern (1969) and
Steele (1970) in Steele and Bramblett (1988) greatly affect estimated height.
Both sets of formulae that Glassman (1995) used (Genovés 1967; Trotter and Gleser
1958) were at least three decades older than the equations used to re-estimate stature, and the
Trotter and Gleser (1958) equations were formulated based on a limited sample of Mexican
Americans who died during the Korean War. Glassman (1995) used these formulae when arm
bones were selected for stature estimation, which is not as accurate for Maya peoples as the
Amerindian/Mexican population formulae (del Angel and Cisneros 2004), since
Amerindian/Mexican is a population that is more closely related to the Maya (as opposed to the
Mexican Americans). When bone measurements were used in Mexican American derived
formulae, the estimated stature was taller than when Amerindian/Mexican (del Angel and
Cisneros 2004) equations were implemented.
45

Stature estimates based on formulae for complete bones are more likely to be more
accurate than the stature estimates based on segmented bones, which is not unexpected (Wright
and Vásquez 2003). Del Angel and Cisneros (2004) used modern Amerindian populations as
well as a series of skeletons from the National University of Mexico to create their formulae
(which are the closest ancestral relation to the Maya) and an osteometric board was used to
accurately measure the length of the long bone.
As for the incomplete bones, the formulae used were based on a prehistoric American
Indian population of Mississippian cultural affinities, which was modified from Steele and
McKern (1969) by Steele and Bramblett (1988). The landmarks on the bone provided by Steele
and Bramblett (1988) as a modified version of Steele (1970) separating each segment were
subjective, and either a dial caliper or simple ruler were used to measure which are not as
accurate as an osteometric board. Based on Chac Balam Burial 22 and Chac Balam Burial 23,
estimated stature based on incomplete long bones will offer a taller height, though not
statistically significant, for the individual compared to stature estimated from complete long
bone length. The femur offered a 4 cm height difference whereas the humerus offered only a
0.05 cm height difference. For the most accurate stature estimations, refer to Table 9.
Frutos (2005) and Katherine Miller Wolf’s (personal communication, 2/20/22) humeral
head measurements from Guatemalan populations allowed for comparable re-sexing of the San
Juan and Chac Balam individuals. Bass’s (1995) modification of Stewart’s (1979) analysis of the
humeral and femoral head diameters of a European American population from the Terry
Collection changed two of the sex estimates from male to indeterminate. This demonstrates how
sex estimates may be inaccurate if population specific metrics are not used.
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This study also demonstrated that researchers should be cautious when assessing the
relationships between health and stature to past populations. Numerous studies have
demonstrated the correlation between shorter stature and malnutrition, obesity, hypertension, and
an overall greater risk of negative health outcomes (Asao et al. 2006; Erlinger and Brancati 2006;
Kemkes-Grottenthaler 2005) but the ancient Maya as a whole cannot be classified as
malnourished and unhealthy simply because of their short stature. This is because stature can
also be genetic. If an entire population is short, it is likely due to genetics whereas if an
individual is short compared to their population, they are more likely to be unhealthy (Deaton
2007).
This population, especially from the sites at San Juan and Chac Balam AD 700 – 900,
had extremely robust bones. The large and dense deltoid tuberosities and other muscle
attachments throughout the long bones show that this group was constantly engaged in physical
activity (Maggiano et al. 2008; Stock and Pfeiffer 2004). An active lifestyle tends to be healthier
than an inactive lifestyle, and if a population is malnourished, they may not have the energy or
strength to be consistently physically active. As for the hypothesis of malnutrition due to maize
consumption, Parker (2011) proves through using isotope analysis of San Juan and Chac Balam
individuals from the Late and Terminal Classic period Maya that their diet consisted of multiple
different terrestrial and marine proteins and nutrients. So, simply because a population has short
stature does not necessarily mean they are unhealthy (it could merely be genetics or other
environmental factors).
The issue of maize consumption being correlated to short stature does not just apply to
Belize, but rather to other regions where maize was grown as well. Cadwallader et al. (2012)
suggest that maize was not the only plant to contribute C4 signals in paleodiets of the Andean
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region, meaning the finding of a C4 signal in an isotope analysis does not guarantee that the
consumed plant was maize (Andean populations consumed multiple plants so their diet was not
as isolated and undernourished as once thought).
Estimating stature of ancient populations provides benefits such as increasing the
accuracy in interpretations of the lives, deaths, and social implications associated with sex and
stature of past communities. Likewise, this study presents a better understanding of the
relationship between stature and health, i.e., short stature can be a result of genetics as opposed
to malnutrition and does not necessarily indicate an unhealthy individual or lifestyle. This
research also provides data to support the argument that population specific regression formulae
should be used when estimating sex and stature in order to receive the most accurate results.
Updated and modified formulae with broader data sets can be used in an archaeological context
such as with the Classic period Maya from San Juan and Chac Balam, or with a modern-day
context that can apply to all regions. When population specific formulae are used by a modern
forensic anthropologist, the increased accuracy of biological profiles can more quickly and easily
help identify a set of human remains. Overall, present day societies can learn from past
communities and studying past cultures can help give more of a voice to those who can no longer
speak.
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